Toroidal rotation of plasmas in present-day tokamaks is beneficial for increasing the stability to wall-induced MHD and appears to reduce the anomalous transport associated with micro-turbulence. This paper calculates the toroidal rotation expected from neutral beam injection in the proposed FIRE and ITER-FEAT tokamak reactors. 
Introduction
In present tokamak experiments, toroidal rotation of the thermal plasma is beneficial for increasing the stability to resistive wall MHD [2] . Also, toroidal rotation contributes significantly to the radial electric field, and shear in the associated ExB flow shear is correlated with enhanced confinement [3, 4] . Tangential neutral beam injection (NBI), which is very effective in causing toroidal rotation, is being considered for two of the "next step" burning plasma tokamaks, FIRE [5] and ITER-FEAT [6, 7] .
The goal of this paper is to estimate the neutral-beam-induced rotation, radial electric field E r , and flow shearing rate ω E×B in these next-step burning plasmas. Detailed, self-consistent Hmode plasmas have been constructed [1] for them using the TRANSP plasma analysis code. This paper uses these H-mode plasmas along with an "advanced tokamak" (AT) plasma constructed for FIRE having reversed magnetic shear. The results of this study are of use for evaluating the stability to resistive wall modes and micro-turbulence.
The external heating is assumed to consist of 20 MW of ICRH staggered with 33 MW of NBI.
This staggering allows study of the heat fluxes and fast ion parameters in three cases with the same assumed plasma profiles: RF-only, RF+NB, and NB-only. The NBI is assumed to consist of 1 MeV D neutrals from a negative ion-beam system injected in the co-plasma current direction, at a tangency radius of 6 m. This generates a beam-driven current profile that is broad with a total driven current of 1.2 MA.
FIRE
FIRE [5] is designed to have normal-conducting magnets, and a double-null divertor geometry.
The normal heating scheme is ICRH at a frequency of 100 MHz to resonate with He 3 on axis.
The P RF is assumed to be high (20 MW) early to provoke the L to H-mode transition, and then lowered to 11 MW as the alpha heating increases, to keep P α + P ext roughly constant. Neutral beam heating is also being considered, using one of the TFTR beam boxes delivering 8 MW at about 110 keV. Here, the tangency radius of the NBI is assumed to be 1.7 m. All the injection is assumed to be in the full energy component.
Two plasmas are studied, one the standard ELMy H-mode plasma described in Ref. 
Analysis Techniques
are of the same order of magnitude [11] .
The TRANSP plasma analysis code uses Monte Carlo techniques to calculate the NBI-induced torque density, t N B as the sum of the collisional, J×B, ripple loss, and thermalization torques.
The ripple effects are ignored here. Examples of these for the FIRE-AT plasma are shown in Fig. 8 . Profiles of the computed toroidal rotation are shown in Fig. 9 . The ratio of the toroidal velocity to the Alfvén velocity is shown in Fig. 10 .
For the FIRE standard H-mode plasma, the transport coefficients are shown in Fig. 11 . The NBI-induced torques are shown in Fig. 12 . The ratio of the toroidal velocity to the Alfvén velocity is shown in Fig. 13 . The flow-shearing rate can be calculated from the radial electric field, E r , which can be calculated from the radial force balance for any thermal species, i:
The v T or is calculated from the NBI torque, B P ol is calculated from poloidal field diffusion, and v P ol is calculated from neoclassical theory using the NCLASS code [12] built into TRANSP.
erther, B T or is calculated using the dia/paramagnetic corrections to the assumed vacuum toroidal field. The toroidal rotation term dominates E r .
The shearing rate on the outer midplane is given in terms of E r (Ref. [13] ) by:
plasmas. Also, further study is needed to assess if the calculated NBI-induced rotation is sufficient to stabilize resistive wall modes in FIRE and ITER, and if the calculated flow shear is sufficient to reduce micro-turbulence.
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